The interest in an electrical vehicle is mainly due to its emission-free nature which will reduce its impact on environmental pollution. This shift from conventional internalcombustion engine to electrically-powered vehicle is also of national interest since the change means less dependence on imported petroleum, thus reduction in the international trade deficit. However, the development of electrical vehicles that can compete in performance and cost with conventional vehicles has run into a technological barrier. The technology to date of battery' which is the key element of electrical vehicles, does not provide sufficient energy density, life cycle, charge capability, and other important performance criteria for a practical vehicle at an affordable cost.
Nickel-metal hydride (NiMH) battery has shown a promise for future use in electrical vehicles because of its high energy density and discharge rate capability, low environmental pollution, and it could replace environmentally hazardous Ni-Cd batte$. A metal alloy which is utilized as the negative electrode, has the capability to store hydrogen as a solid hydride phase upon charging and release hydrogen upon discharging, while nickel hydroxide which is used as the positive electrode, is oxidized to nickel oxyhydroxide upon charging and reduced back to nickel hydroxide upon discharging. During charging, water is split into hydrogen and hydroxyl ions where the hydrogen ion reacts with the metal to form metal hydride and the hydroxyl ion reacts with nickel hydroxide to form NiOOH. As a result, no net change in the electrolyte concentration is observed.
The primary purpose of this research is to investigate the synthesis and characterization of Ni(OH), powders by homogeneous precipitation. An auxiliary objective of the investigation is to produce Ni(OH), powders that have superior performance characteristics compared to the commercial powders currently available. The synthesis and characterization of nickel hydroxide have been studied extensively by many authors3-12.
Depending on the synthesis method, different phases of nickel hydroxide have been observed.
Nickel hydroxide has a hexagonal structure and exhibits layered NiO, sheets between which protons are intercalated. The a-phase has a large interlayer distance (c=8.0 A) because of its intercalated ligands and/or water. The layered structure is turbostratic and randomly oriented.
This property of a-Ni(OH), is desirable in that electrolyte and solvent have greater access to the reaction sites. The P-Ni(OH), (cd.6 A) is more structured and does not have ligands and/or water intercalated. Although the a-Ni(OH), is electrochemically more active than pNi(OH),, the p-phase is employed in battery applications because the a-phase is unstable in aqueous KOH solution and transforms to p-phase in a relatively short period of time.
Previous researches have emphasized on the crystal structure of the particles produced, but the effect of particle morphology on the electrochemical activity was not evaluated. No attempts have been made to control the particle morphology. Hence, the purpose of this study was to synthesize nickel hydroxide powders by homogeneous precipitation from urea decomposition and to examine the electrochemical activity in relation to the crystal structure, morphology, size distribution, and surface area of the particles under various experimental conditions.
Thesis Organization
This thesis consists of two manuscripts prepared for publication. The first manuscript,"S ynthesis of Nickel Hydroxide by Homogeneous Precipitation from Urea Decomposition" summarizes the composition, morphology, and yield of the powders produced and offers a plausible explanation of the particle growth mechanism. The second manuscript,"Cyclic Voltammetric Study of Nickel Hydroxide Electrode Produced by Homogeneous Precipitation" relates the surface area of the precipitate to its electrochemical activity, compares these results with those of previous research, and explains the aging mechanism of the electrode in concentrated KOH solution. A general conclusions chapter summarizes the relationship between particle morphology and the electrochemical behavior of the Ni(OH), electrodes produced in this study.
GENERAL CONCLUSIONS
The primary objective of this research was to investigate the synthesis and characterization of Ni(OH), powders by homogeneous precipitation. Previous of the same method showed conflicting results and complete characterization of the particle morphology was not carried out. This study has produced precipitates having a composition of 2Ni(OH)2.Ni(HC03),,5(N0,)o.15. The XRD patterns showed peaks commonly observed for
The precipitates produced from low and high cation concentration solutions showed that the mean particle size and specific surface area increased with aging time. The increase in mean particle size was disrupted by a drop at around 120 minutes of aging time. A jump in the specific surface area was also observed at around the same time.The occurrence of both phenomenon coincided with the observation of the second nucleation event in the SEM micrographs and the pH vs. time plots. The second nucleation event occurred probably because the generation rate of carbonate and/or hydroxide ions in the solution was higher than its consumption rate in the growth process.
The high specific surface area measured suggested that the particle growth occurred through the aggregation of nanosized crystallites. The TEM micrographs confirmed that the particles were actually aggregates of thin films or sheets that were crumpled and intertwined together. From the XRD line broadening, the crystallite size was calculated to be approximately 9 nm in the (001) direction, corresponding to a specific surface area of 246 m2/g. This surface area was significantly higher than the measured value of 167 m2/g or less because the crystallite size measured from the (001) plane might have underestimated the average crystallite size.
This work also investigated the effect of dispersant on the particle morphology. The addition of dispersants did not alter the density of the particles implying that the dispersants were not incorporated into the solid phase. A general decrease in mean particle size at each aging time was observed resulting in an increase in specific surface area. The use of dispersants provided steric hindrance for the particles in the solution to aggregate, thus smaller particles were observed.
Aging of the precipitates with and without dispersants were carried out in 6 M KOH solution in order to assess the stability of the a-Ni(OH), produced. It was found that the use of dispersants did not affect the aging mechanism. The a-Ni(OH), was completely transformed to p-phase after 2 days of aging. Upon 8 days of aging in KOH solution, the specific surface area values stabilized at around 160-170 m2/g, regardless of the use of dispersants. The increase in surface area was most probably due to the decrease in mean particle size upon aging. The specific surface area obtained for the aged-Ni(OH), above was about 8 times as high as that of a P-Ni(OH), commercially available.
Cyclic voltametric tests were carried out to see if the high surface area Ni(OH), produced in this work had superior performance characteristics compared to the commercial powders currently available. Indeed, the study showed that the homogeneously precipitated Ni(OH), had higher coulombic efficiency and degree of reversibility than the commercial powders. The efficiency values of all the homogeneously precipitated powders were approximately 90%. The same efficiency values observed were probably due to the same specific surface areas of the powders after aging in KOH solution.
